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Abstract: Twenty seven essential oils, isolated from plants representing 11 families of Portuguese ﬂora, were screened for their
nematicidal activity against the pinewood nematode (PWN), Bursaphelenchus xylophilus. The essential oils were isolated by hydro-
distillation and the volatiles by distillation-extraction, and both were analysed by GC and GC-MS. High nematicidal activity was
achieved with essential oils from Chamaespartium tridentatum, Origanum vulgare, Satureja montana, Thymbra capitata, and Thymus caes-
pititius. All of these essential oils had an estimated minimum inhibitory concentration ranging between 0.097 and 0.374 mg/ml and
a lethal concentration necessary to kill 100% of the population (LC100) between 0.858 and 1.984 mg/ml. Good nematicidal activity
was also obtained with the essential oil from Cymbopogon citratus. The dominant components of the effective oils were 1–octen-3-ol
(9%), n–nonanal, and linalool (both 7%) in C. tridentatum, geranial (43%), neral (29%), and b-myrcene (25%) in C. citratus, carvacrol
(36% and 39%), g-terpinene (24% and 40%), and p-cymene (14% and 7%) in O. vulgare and S. montana, respectively, and carvacrol (75%
and 65%, respectively) in T. capitata and T. caespititius. The other essential oils obtained from Portuguese ﬂora yielded weak or no activity.
Five essential oils with nematicidal activity against PWN are reported for the ﬁrst time.
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recutita, Cistus ladanifer, Crithmum maritimum, Cryptomeria japonica, Cymbopogon citratus, Foeniculum vulgare, Juniperus brevifolia, Laurus
azorica, Laurus nobilis, Lavandula dentata, Lavandula luisieri, Lavandula stoechas, Lavandula viridis, Mentha pulegium, Myrtus communis,
Origanum vulgare, Pittosporum undulatum, Salvia ofﬁcinalis, Satureja montana, Thymbra capitata, Thymus caespititius, Thymus mastichina,
Thymus zygis.
Bursaphelenchus xylophilus (Steiner and Buhrer, 1934)
Nickle, 1970 (pinewood nematode: PWN) the causal
agent of pinewilt (PW), is associated with cerambycid
beetles, particularly Monochamus spp. In forest ecosys-
tems, PWN is considered one of the most important
pathogens of coniferous forests worldwide (Mota and
Vieira, 2008). The control of PW has been achieved
mainly by controlling the insect vector by aerial applica-
tion of synthetic insecticides, by fumigation of infected
trees, or by controlling the nematode by trunk injection
of anti-nematodal compounds (Lee et al., 2003; Takai
et al., 2003). Unfortunately, many of the most effective
chemicals used for controlling PW are highly toxic, very
expensive, and can accumulate in the soil causing nega-
tive environmental impacts.
Recently, researchers have begun to look for alter-
native and equally effective natural products to replace
current chemical control options (Chitwood, 2002;
Rugutt et al., 2006). Because of European Union (EU)
environmental restrictions, it has become necessary to
develop new control techniques based upon natural
products, which are perceived as safer for people and
the environment. Essential oils, obtained from ﬂowers
or fruits of certain aromatic plants, have long been
known to have signiﬁcant biological activities (Duke,
1990; Isman, 2000; Prabuseenivasan et al., 2006). There
are many reports on the preparation, chemical char-
acterization, and biological effects of essential oils from
a diversity of plant species (Kong et al., 2007; Takaishi
et al., 2008). Studies have shown that some essential oils
have good nematicidal activities (Oka, 2001; Pe´rez
et al., 2003). The majority of studies evaluating PWN
control based on essential oils have been developed in
countries affected by this nematode, such as China
(Hong et al., 2007), Japan (Alen et al., 2000), and South
Korea (Choi et al., 2007). Under laboratory conditions,
essential oils extracted from Myristica malabarica (Choi
et al., 2008), Brassica integrefolia, Pelargonium inquinans,
Thymus vulgaris (Elbadri et al., 2008), and Coriandrum
sativum, Liquidambar orientalis and Valeriana wallichii
(Kim et al., 2008) had signiﬁcant activity against PWN.
Presently, the increasing dispersion of PWN in Portugal
(MADRP, 2008), andmore recently in Spain, has lead to
new lines of research focusing on developing new
methods to control PW.
The objective of this research was the identiﬁcation
and selection of essential oils with high nematicidal ac-
tivity against PWN for further fractionation and bioassay-
guided isolation of active compounds. Tested plants
were selected from amongst Portuguese ﬂora, with spe-
cial interest given to the most common aromatic plants.
MATERIAL AND METHODS
Plant material: The aerial parts of several Portuguese
ﬂora species, from collective or individual samples,
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